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Background
The gold standard for making diagnoses based on the Diagnostic and Statistical Manual of Mental Disorders (DSM; [1] ) is the copyrighted Structured Clinical Interview for DSM Disorders (SCID; [2] ). However, this is a lengthy instrument to administer and hence researchers and clinicians often screen for the presence and severity of both disorders using self-report psychometric tools developed for this purpose. Self-report measures of mental disorders may be criterion-referenced or norm-referenced. Criterion-referenced measures provide a provisional diagnosis based on the endorsement of criteria listed in published diagnostic classification systems. Individuals are diagnosed with or without a disorder based upon the presence or absence of these criteria [3, 4] . In contrast to criterion-referenced measures, norm-referenced measures compare individuals' test results to those of an appropriate peer or normative group. These scales typically suggest score ranges linked to symptom severity descriptors, and have a "clinically significant" total scale score cut-off point beyond which scores are considered indicative of the presence of a disorder. Moreover these measures are often used to measure therapeutic progress/outcomes as well as being frequently employed in research studies.
Anxiety and depression are the most prevalent of mental illnesses contributing to the global disability burden [5, 6] . Numerous norm-referenced scales have been created for the measurement of anxiety and depression. Research has shown, however, that many of these measures have poor discriminative ability [7, 8] and, rather than being specific to anxiety or depression, tap only a general 'emotionality' [9, 10] .
The Self Rating Depression Scale [SDS; 11] and the Self-Rating Anxiety Scale [SAS; 12] are two such normreferenced scales. Both are 20 item Likert scales, in which items tap psychological and physiological symptoms and are rated by respondents according to how each applied to them within the past week, using a 4-point scale ranging from 1 (none, or a little of the time) to 4 (most, or all of the time). The choice of SDS items was based on factor analytic studies of depression symptoms [11] , whereas the SAS taps affective symptoms based on diagnostic criteria listed in the major American psychiatry literature [12] . These scales continue to be widely utilised but a recent review of the literature revealed that considerable confusion exists in their application, with clinical cut-offs frequently being incorrectly applied [13] . This confusion stems from the fact that Zung chose to convert raw scores (range 20-80) into index scores (range 25-100) with clinical cut-offs being given in terms of the latter. However, these cut-offs have frequently been applied to raw scores, producing a substantial elevation in the degree of symptom severity required to meet clinical significance. Problems also exist with the application of severity ranges [13] .
In the light of this research, and the ongoing substantial usage of both the Zung scales, this study seeks to reexamine these scales' credentials as screeners for depression and anxiety. It does so by comparing these scales with one of the most prominent and respected normreferenced scales of this kind: the Depression Anxiety Stress Scale [DASS; 14] . The DASS has sub-scales that differentiate anxiety, depression, and a third factor, labelled stress. In developing the scale, the authors, Lovibond and Lovibond [14] , focused on including only aspects unique to each disorder, which led to the omission of somatic items (e.g., sleep disturbance, loss of libido, fatigue, appetite change) as well as items related to suicidal ideation, which failed to correlate with the depression subscale. The scale's three-factor solution has been replicated and the scale has been reported to reliably distinguish samples of patients with anxiety or depression from non-clinical participants [15, 16] . It is also reported to be an improvement on the older measures of anxiety and depression, for example, showing greater separation in factor loading than the Beck Depression and Anxiety Inventories [14] .
The current study examines the ability of the Zung and DASS scales to predict clinical diagnoses made using the Patient Health Questionnaire (PHQ; [17] ). The PHQ was developed from the Primary Care Evaluation of Mental Disorders (PRIME-MD) interview, which was the first instrument designed for use in primary care to diagnose disorders based on DSM criteria. The PHQ is commonly employed in both clinical practice and research, and has been found to be a reliable and valid diagnostic tool [18] . Hence, while the structured clinical interview remains the gold standard for diagnosis, it is argued that the PHQ is a suitable benchmark against which to compare these norm-referenced scales.
The current study
In keeping with the claims made by Lovibond and Lovibond [14] , it was hypothesised that the DASS subscales would emerge as stronger predictors of -and offer greater discrimination between -the two classes of disorder. In the light of the differences in item selection between types of measures, it was also hypothesised that there would be a mismatch in agreement between the different measures. However, as this was exploratory research, no estimation was made about the size or nature of these discrepancies. Rather the research sought to explore differences between the DASS and Zung measures in terms of the balance between sensitivity and specificity.
Method

Participants
In accordance with the requirement to study diagnosis in the entire population [19, 20] , a total sample of 376 participants were recruited from community and clinical populations. Of these, 340 were undergraduate psychology students who participated in return for one Research Participation Opportunity point upon completion. The remaining 36 participants were clients presenting for treatment at psychological services in the New England area of New South Wales, Australia, who volunteered in response to publicity fliers provided by their psychologist. Psychologists were not paid for their assistance in the study but were thanked with a small gift valued at less than $10. In total 87 participants (21 men and 66 women), with a mean age of 39.53 (range 18 years to 74 years), who reported receiving treatment for psychological issues from either a medical practitioner or psychologist were classified as members of the clinical sample. The non-clinical sample consisted of 289 participants (54 males, 235 females) with a mean age of 31.28 (range 18 years to 64 years). Participants under 18 were excluded because the psychometric measures utilised in the study were designed for adults only.
Procedure
Undergraduate psychology students completed the study online. Clients of psychological services used pencil and paper measures. In addition to the collection of demographic and medical information, the SAS, the SDS, the DASS and the two-page version of the PHQ, covering only depressive and anxiety disorders, were all administered. The order of presentation of these four measures was randomised and all information collected at a single sitting.
Measures used
As detailed above, both the SAS and the SDS are 20 item Likert scales, with raw scores that range from 20 to 80, which are converted to index scores by dividing the sum of the raw scores by 80, and multiplying by 100. A raw score -index score conversion table is provided by Zung [12, p. 376] .
SAS items tap both affective and somatic symptoms; 15 express a negative experience such as "I feel afraid for no reason at all" and 5 express a positive experience and are reverse scored, such as "I can breathe in and out easily". Zung [21] noted in an early study that all "normal subjects" returned an SAS Index score below 50, but later he set an Index score of 45 (raw score = 36) as a cut-off point for clinically significant anxiety [22] . While higher scores indicate greater severity of anxiety symptomology, score ranges for degrees of severity have not been published in the scientific literature. The SAS has been shown to have good internal consistency with a Cronbach's alpha of .82 [10] ; fair concurrent validity, correlating significantly (.30) with the Taylor Manifest Anxiety Scale [12] ; and to distinguish both between clinical and non-clinical groups and between patients diagnosed with anxiety disorders and those with other psychiatric diagnoses [12] .
SDS items also tap both affective and somatic symptoms; 10 express negative experience such as "I feel down-hearted and blue" and 10 express positive experience and are reverse scored such as "I eat as much as I used to". An SDS Index score of 50 (raw score = 40) suggests clinically significant symptoms with the following three levels of severity ratings: Index scores 25-49 (raw scores 20-40) Normal; 50-59 (raw scores 41-47) Mild to Moderate; 60-69 (raw scores 48-55) Moderate to Severe; and 70 and over (raw scores 56 and over) Severe [23] . The SDS has fair internal consistency, with a split-half reliability of .73. An alpha coefficient of .68 was reported by Deforge and Sobal [24] , while other authors have reported .79 [25] and .81 [10] . Reported correlations with other depression scales include .41 with the Hamilton Rating Scale [26] , .54 with the Depression Adjective Checklist, and .68 with the Beck Depression Inventory [10] .
The Depression Anxiety Stress Scale (DASS) developed by Lovibond and Lovibond is a 42 item self-report measure of anxiety, depression and stress. Depression items include '"I felt down-hearted and blue" and "I felt I had nothing I could look forward to"; Anxiety items include "I felt I was close to panic" and "I experienced trembling (e.g., in the hands)"; and Stress items include "I found it hard to wind down" and "I was intolerant of anything that kept me from getting on with what I was doing". Based on their experience over the previous four weeks, respondents rate the items on a 4-point scale ranging from 0 (did not apply to me at all) to 3 (applied to me very much, or most of the time). Items in each subscale are summed to provide scores for symptoms of depression, anxiety and stress, with higher scores indicating greater severity of symptomatology described within three levels. Score ranges for severity ratings for the depression subscale are: 0-9 (Normal), 10-13 (Mild), [14] [15] [16] [17] [18] [19] [20] [14] .
The PHQ is a brief, user-friendly self-report measure with items corresponding to a range of diagnostic criteria taken from the fourth edition (revised) of the DSM. As detailed above, this study utilised the two-page version, covering Major Depressive Disorder and Other Depressive Disorder (9 items), and Panic Disorder and Other Anxiety Disorder (22 items). Compared with diagnoses made by mental health professionals, the sensitivity of the PHQ is 73% and the specificity 94% [17] . It should be noted that all the criteria on which the PHQ is based remain unchanged in the current edition of the DSM [1, 27] .
Results
Participants reaching diagnostic criteria on the PHQ
Across the combined sample, 61 participants (34 and 27 from the clinical and non-clinical samples respectively) reached the PHQ diagnostic criteria for some form of depressive disorder and 54 (34 from the clinical sample, 23 from the non-clinical) for some form of anxiety disorder. Of those satisfying the criteria for a depressive disorder, 43 (70%) met the criteria for a Major Depressive Disorder (MDD). Of those satisfying the criteria for an anxiety disorder, 25 (46%) met the criteria for Panic Disorder, and 35 (65%) the criteria for Other Anxiety Disorder. Levels of comorbidity between anxiety and depressive disorders were considerable with 31 of the above participants suffering from both a depressive and an anxiety disorder. These participants were predominantly from the clinical sample (23 compared with only 8 from the non-clinical).
Internal consistency
Both the Zung scales and the three DASS subscales were found to have acceptable levels of internal consistency. Cronbach's alphas of .86 and .84 were found for the SDS and SAS, while the comparable figures for the DASS Depression, Anxiety, and Stress subscales were .96, .88 and .94 respectively. Table 1 
Comparing the Zung and DASS scales' predictive ability
A preliminary analysis showed high levels of correlation between all five DASS and Zung scales. Correlations between the three DASS subscales ranged from .70 to .73, while the correlation between the two Zung scales was .80. Similarly high correlations were found between the corresponding DASS and Zung scales: .78 for the DASS Depression subscale with the SDS, and .76 for the DASS Anxiety subscale with the SAS.
Investigation of these scales' predictive abilities followed two distinct routes. First a series of logistic regressions were conducted exploring the ability of the relevant DASS and Zung scales to correctly predict diagnoses of anxiety/depressive disorders as made from the PHQ. These analyses were, by nature, independent of the prescribed cut-off scores. However, in addition, sensitivity and specificity analyses were conducted using the current recommended cut-offs for each scale.
As far as the logistic regressions were concerned, the combined sample size was adequate [28] , there were no problems with multicollinearity, and independence of errors was assumed as the samples did not have shared networks. There were a number of univariate outliers in the total sample: however, all cases were retained because the inclusion of extreme scores did not shift the variable means into the clinical range. A number of multivariate outliers were also identified but further inspection suggested these outliers were valid members of their respective samples and not qualitatively different from other participants. Moreover, excluding these cases had minimal impact on results, hence all participants were retained. Within these analyses, comparisons of the relative strength of individual predictors relied on the method recommended by Kaufman [29] : namely calculating semi-standardised coefficients (SS ΔP ), which reflect the change in outcome probability for a standardised unit increase in the predictor. These coefficients are essentially equivalent to standardized betas in multiple regression.
Ability to predict depression
As the DASS and Zung scales are rarely used in tandem, we began by conducting two separate logistic regression analyses, one with the DASS Depression subscale as the predictor and the other with the SDS. Both scales were strong predictors of PHQ depression diagnoses, with p < .001 for each analysis. Calculations of Nagelkerke R 2 revealed that the DASS Depression subscale accounted for 58% of the variance in PHQ diagnosis outcome, while the SDS was somewhat weaker, accounting for 49%.
In addition, a further logistic regression was conducted with both the DASS Depression subscale and the Zung SDS, entered as predictors. Interestingly, Nagelkerke R 2 for the combined model is only slightly greater than when the DASS depression subscale is entered alone, indicating that the addition of the SDS does little to extend the amount of variance explained. Both scales remain significant predictors but their respective SS ΔP values indicate that, when used alongside each other, the DASS scale makes the greater contribution, a standardised unit increase producing a 20.9% increase in the predicted probability of diagnosis, compared to an 11.6% increase for the SDS (Table 2 ).
Ability to predict anxiety
Similar logistic regression analyses were used to investigate the ability of the respective DASS and Zung scales to predict a diagnosis of anxiety on the PHQ. Results mirrored those for depression. When the scales were entered as solus predictors, both were significant at the p < .001 level, with the DASS Anxiety subscale Once again, the amount of variance accounted for was only marginally increased (to 49%) by including both scales as predictors. Moreover, while both scales remain significant predictors, SS ΔP values again indicate that the DASS subscale makes a greater contribution, with a standardised unit increase producing a 15.1% increase in the predicted probability of diagnosis, compared to an 8.3% increase for the SAS (Table 3) .
Comparison of the DASS and Zung scales' discriminant ability
Further logistic regression analyses were conducted to explore the discriminant ability of the respective DASS and Zung scales: these involved using, first, the three DASS subscales and, second, the SDS and the SAS, as predictors of both depression and anxiety disorders on the PHQ. The DASS subscales displayed a high level of discrimination, with only the appropriate subscales emerging as significant predictors of each type of disorder (Table 4 ). In contrast, while only the SAS was a significant predictor of an anxiety diagnosis, both Zung scales emerged as significant predictors of a depression diagnosis. The SDS was, however, the stronger, a standardised unit increase producing a 19.0% increase in the predicted probability of diagnosis, compared to a 10.6% increase for the SAS (Table 5 ).
Sensitivity and specificity of the norm-referenced measures
Sensitivity and specificity analyses were conducted for the norm-referenced measures using PHQ criteria for depressive and anxiety disorders. (Note: sensitivity refers to true positives, or the proportion of cases that have the condition and are identified as such; specificity refers to true negatives, or the proportion of cases that don't have the condition and are correctly identified as such). For the DASS Depression and Anxiety Subscales, analyses used the mild severity levels recommended by Lovibond and Lovibond [14] as the cut-off. For the SDS and SAS, the cut-off points recommended by Zung [12, 22] were used: an index score of 50 and above (raw score 40 and above) for depression, and an index score of 45 and above (raw score 36 and above) for anxiety.
With respect to depressive disorders, the DASS subscale recorded 84% for both sensitivity and specifity. The SDS, on the other hand, had a sensitivity of 93% and specificity of 69%. With respect to anxiety disorders, the DASS subscale had 74% sensitivity and 84% specificity, whereas the SAS registered 89% sensitivity and 69% specificity.
For comparison, calculations were also made using the incorrect cut-off points (raw scores of 50 and above) mistakenly applied in a number of past studies [13] . This reduced the sensitivity of the SDS to 56% (specificity 95%) and that of the SAS to 31% (specificity 98%). Table 4 Results of separate Logistic Regression analyses assessing the ability of (i) the three DASS Subscales and (ii) the two Zung scales to predict depression disorder diagnoses on the PHQ
A. The DASS subscales (Nagelkerke R 2 = .59) 
Discussion
Comparisons of predictive and discriminative ability
The core objective of this research was to assess the ability of the Zung scales (the SDS and the SAS) to predict diagnoses of depression and anxiety. When employed alongside each other in logistic regression analyses, the respective DASS subscales emerge as making a stronger contribution to accurate prediction of PHQ diagnoses. However, the Zung scales still make a significant contribution. Moreover, when used as solus predictors, as is generally the case in clinical practice, the Zung scales perform in broadly comparable terms, accounting for only slightly less of the variance in PHQ diagnoses and with similar increases in the probability of diagnosis for a standardised unit increase in each scale. A further issue for investigation concerned the ability of the respective DASS and Zung scales to discriminate between depression and anxiety. Previous research has demonstrated high correlations between these measures and this study was no exception with correlations actually somewhat higher than found previously: .80 between the two Zung indices, compared to the .71 reported by Tanaka-Matsumi and Kameoka [10] ; and correlations ranging from .70 to .73 between the DASS subscales, compared to results ranging from .50 to .60 reported by Lovibond and Lovibond [14] . Sizeable correlations are to be expected, given the high degree of comorbidity between depression and anxiety. Just over half of those diagnosed with a depressive disorder on the PHQ also met the criteria for some form of anxiety disorder. This is broadly comparable with the findings of the National Comorbidity Survey in which 58% of Major Depressive Disorder sufferers were found to have an anxiety disorder [30] . Despite these high correlations, the DASS subscales matched their designers' intentions with the depression and anxiety subscales uniquely predicting these PHQ diagnoses. In contrast, while only the SAS was a significant predictor of anxiety, both Zung scales emerged as significant predictors of a depressive disorder diagnosis.
The fact that the SDS emerges as specific to depression, while high scores on the SAS are predictive of both disorders is somewhat surprising, given it was the presence of somatic items on depression scales that Lovibond and Lovibond [14] identified as one of the primary contributors to traditional scales' poor discriminative ability. However, it has to be remembered that the PHQ on which these diagnoses are based also contains somatic items (as indeed do the DSM criteria from which the PHQ was developed).
Comparison of screening results
Calculations of sensitivity and specificity for the different scales can be misleading because they depend on the cut-off scores utilised. Using the cut-offs recommended by the scale authors, the DASS scales have superior specificity but the Zung scales have greater sensitivity. However, further investigation revealed that, by modifying the Zung cut-off scores, a similar balance between sensitivity and specificity to that offered by the DASS subscales could be obtained. Specifically, with the cut-off for a depression diagnosis set at an index score of 55 (raw score 44), the SDS has a sensitivity of 80% and a specificity of 82% (compared to 84% on both measures for the DASS depression subscale). Similarly, with the cut-off for an anxiety diagnosis set at an index score of 50 (raw score 40), the SAS has a sensitivity of 72% and a specificity of 84% (compared to 74% and 84% respectively for the DASS anxiety subscale).
These results can also be expressed in terms of the numbers of "Misses" (diagnoses on the PHQ which are not picked up by the DASS and/or Zung scales) and "False Positives" (screen positive on the DASS and/or Zung scale but are not diagnosed on the PHQ) that occur with each scale. Using the revised cut-offs for the Zung scales suggested above, the results for depression are as follows: 12 misses and 58 false positives on the SDS, 10 misses and 49 false positives on the DASS depression subscale. For anxiety there are 15 misses and 50 false positives on the SAS, and 14 misses and 50 false positives on the DASS anxiety subscale. Figures 1 and 2 detail the relative overlap between positive diagnoses on the PHQ and positive screens on the DASS and Zung measures using these revised cut offs.
Errors in past usage of the Zung scales
Although, on the basis of the above, a case can be made for increasing the cut-off point of the SDS and SAS, it should be noted that the increase involved when raw scores are mistakenly used instead of index scores goes far beyond what is desirable, with sensitivity falling to 56% for the SDS and 31% for the SAS. This means that almost half of those who would qualify for a depressive disorder diagnosis on the PHQ and over two-thirds of 
Conclusions
Based on the above results, the Zung scales appear to offer a good alternative to the DASS as screeners for anxiety and depression. It should, however, be noted that the diagnostic measure against which these scales have been assessed is not the gold standard SCID but rather the more economic and less reliable PHQ, a measure which itself produces "Misses" and "False Positives". These results, however, provide justification for further research to confirm the Zung scales' predictive ability against diagnoses made on the basis of a full clinical assessment. This research can also further explore whether more conservative clinical cut-offs should be applied, as suggested by these results. There may also be something to be gained by examining the differing natures of the 'Misses' and 'False Positives' produced by the differing scales. This may help identify areas to which one or the other scale is more suited. (The fact that the PHQ diagnoses are not definitive makes such an analysis inappropriate to the current study). For the time being, the current study lends support to the continuing use of the Zung scales, provided the errors regarding cut-off points that have plagued its use in the past be avoided. [31] 
